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Background: We wanted to determine whether multiple injections of intravitreal ranibizumab 

was associated with an elevated intraocular pressure (IOP) in patients treated for neovascular 

age-related macular degeneration (AMD).

Methods: This retrospective study examined 53 patients with neovascular AMD treated with 

multiple injections of intravitreal ranibizumab. The main outcome measure was the difference 

in IOP between the frequently-treated study eyes (15 injections) and the unfrequently-treated 

fellow control eyes ( five injections). Patients were divided into three study groups: group I 

(35 patients with 15 to 19 injections); group II (15 patients with 20 to 29 injections); and 

group III (three patients with 30 injections). The IOP was measured by Goldmann applanation 

tonometry 4 weeks after the last injection of intravitreal ranibizumab. For statistical analysis, 

the IOP was then correlated with the number of ranibizumab injections.

Results: Among the frequently-treated study eyes, the mean IOP was 13.68±2.91 mmHg 

(range, 8 to 20 mmHg). The unfrequently-treated fellow control eyes had a mean IOP 

of 13.45±3.09 mmHg (range, 9 to 25 mmHg). There was no significant correlation of the IOP 

difference between the study and control eyes with the number of ranibizumab injections (cor-

relation coefficient 0.77; P=0.583). For each of groups I, II, and III, the difference in mean IOP 

between the study and control eyes was nonsignificant (P0.05). There was also no significant 

association of the IOP difference between the study and control eyes with the number of ranibi-

zumab injections for each group (P=0.391).

Conclusion: Our study did not find an increased IOP in frequently-ranibizumab-treated eyes 

when compared to unfrequently-treated fellow control eyes. Further studies with a greater 

sample size are needed to evaluate whether an increased number of ranibizumab injections is 

associated with IOP changes.

Keywords: age-related macular degeneration, ocular hypertension, anti-VEGF therapy

Introduction
With the introduction of anti-vascular endothelial growth factor (anti-VEGF) antibodies 

in ophthalmologic therapies, there was a fundamental change in treatment options for 

various ocular diseases. The indications for anti-VEGF therapy include neovascular 

age-related macular degeneration (AMD), central vein or branch vein occlusion with 

macular edema, and diabetic maculopathy.1–3 For all indications, an effective therapy 

with anti-VEGF antibodies can only be achieved by repeated intravitreal anti-VEGF 

injections.

In general practice, three intravitreal injections of anti-VEGF antibodies are given 

every 4 weeks in the initial upload phase, followed by further intravitreal injections of 

anti-VEGF antibodies when a macular edema persists or increases. Therefore, a monthly 

ophthalmologic checkup is needed to ensure a correct treatment interval with anti-

VEGF antibodies. Another requirement to allow for frequent anti-VEGF therapy is a 
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low rate of side effects. Until now, various efficacy and safety 

studies have demonstrated very low rates of side effects after 

intravitreal anti-VEGF injections.4–6 Potential side effects of 

anti-VEGF therapy include retinal tears, retinal detachment, 

vitreous hemorrhage, uveitis, or endophthalmitis.7

One side effect, which is controversially discussed to 

be associated with intravitreal anti-VEGF injections, is 

the rise in intraocular pressure (IOP).8,9 While intravitreal 

steroids are known to be associated with an increased risk 

for glaucoma,10 the data about IOP elevation by anti-VEGF 

agents such as ranibizumab or bevacizumab are less conclu-

sive, although various pathophysiological mechanisms have 

been hypothesized for the IOP elevation. On rare occasions, 

it has been described that the IOP may increase transiently 

after intravitreal anti-VEGF injections,8,9 but returns to 

baseline level within 30 to 60 minutes without IOP-lowering 

therapy.11,12 This transient IOP elevation may result from 

variations in scleral rigidity or in reflux from the injection 

site after withdrawal of the needle.8

In the MARINA (Minimal Classic/Occult Trial of the 

Anti-VEGF Antibody Ranibizumab in the Treatment of 

Neovascular AMD) and ANCHOR (Anti-VEGF Antibody 

for the Treatment of Predominantly Classic Choroidal 

Neovascularisation in AMD) studies, there were no long-

term effects on the IOP after treatment with the  anti-VEGF 

antibody ranibizumab.7,13 However, a few case studies exist 

that report an increased risk of sustained IOP elevation after 

multiple anti-VEGF injections in patients with preexisting 

glaucoma or ocular hypertension.14,15 There are also contra-

dictive results on potential IOP elevation based upon the 

analysis of the number of intravitreal anti-VEGF injections in 

nonglaucomatous patients.16,17 Indeed, most of these studies 

compared the IOP changes between patient groups, but not 

intraindividually. Due to these contradictory observations, we 

wanted to examine whether multiple injections of intravitreal 

ranibizumab is associated with a sustained elevated IOP by 

comparing the IOP of the study eye with that of the fellow 

control eye of the same subject.

Materials and methods
We retrospectively examined all patients with neovascular 

AMD who, between March 2012 and August 2012, were seen 

and treated with intravitreal ranibizumab by a single retina 

specialist at the retina service of the eye clinic of the Ludwig-

Maximilians-University, Munich, Germany. Patients’ consent 

was obtained before including their data into this study. This 

study was performed in accordance with the ethical standards 

laid down in the 1964 Declaration of Helsinki and approved 

by the local ethics committee. Patients were included in this 

study if they had received 15 injections of intravitreal 

 ranibizumab in their study eye and  five injections of intrav-

itreal ranibizumab in their fellow control eye. This low number  

of  five injections in the fellow control eye was chosen in order 

to compare the IOP changes after multiple (15  injections) 

and few ( five) injections of intravitreal ranibizumab. 

Patients were excluded from the study if they had preexisting 

glaucoma or ocular hypertension before the first injection. 

In addition, patients with uveitis, retina surgery, or local 

or systemic steroid intake in the past were also excluded.  

We divided the patients into three different study groups 

depending on the number of intravitreal injections in their 

study eye. Patients in group I received 15 to 19  injections, 

patients in group II received 20 to 29 injections, and patients 

in group III received 30 or more injections of intravitreal 

ranibizumab in their study eye.

The IOP was measured by Goldmann applanation 

tonometry both in the study and in the fellow eye during the 

follow-up visit 4 weeks after the last injection of  intravitreal 

ranibizumab. For the operation procedure, injection  

of 0.5 mg ranibizumab was performed at the lower pars plana 

with a sharp 27-gauge needle after complete  sterile drap-

ing and rinsing with topical povidone-iodine under  topical 

anesthesia with tetracaine 1% eye drops. The injection site 

was located 3.5 mm posterior to the limbus in pseudophakic 

eyes, and 4.0 mm from the limbus in phakic eyes. All addi-

tional manipulation, such as the subconjunctival injection 

of anesthetics or application of pressure by forceps, was 

avoided. After intravitreal injection, patients were treated 

with ofloxacin eye drops for 3 days. No steroids were given. 

No eye received IOP-lowering medications or anterior cham-

ber paracentesis before or after intravitreal injection.

The associations between the IOP levels, the IOP differ-

ence between study and control eyes, and the number of intra-

vitreal ranibizumab injections were assessed by  Spearman 

rank correlation, Wilcoxon test, and the Kruskal–Wallis 

test using SPSS 19.0 software (IBM Corporation, Armonk, 

NY, USA). Significance was accepted at P0.05. With no 

previous data available, a sample size calculation was not 

performed for this retrospective study.

Results
From a total of 1,240 patients with neovascular AMD who 

came to our retina service between March 2012 and August 

2012, 53 patients fulfilled the inclusion criteria. There were 

21 male (40%) and 32 female (60%) patients with a mean 

age of 77.4±7.68 years (range, 56 to 91 years). The study 

eyes included 25 right eyes (47%) and 28 left eyes (53%).  

The mean number of injections of intravitreal ranibizumab in 
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the study eyes was 19.88±5.82 (range, 15 to 46). The mean IOP 

of the frequently-treated study eyes was 13.68±2.91 mmHg 

(range, 8 to 20 mmHg) and of the unfrequently-treated fellow 

control eyes was 13.45±3.09 mmHg (range, 9 to 25 mmHg). 

With the Spearman rank correlation, we compared the IOP 

difference between the study and control eyes (in mmHg) 

with the number of ranibizumab injections, which did not 

show any significant correlation (correlation coefficient 0.77; 

P=0.583; Figure 1).

In the next step, we divided the patients into groups I, II, 

and III depending on the number of intravitreal ranibizumab 

injections they had received (Table 1). Group I (15 to 19 injec-

tions) included 35 patients, group II (20 to 29 injections) 

had 15 patients, and group III (30 injections) consisted 

of three patients. In group I, the mean IOP of the study 

eyes was 13.4±3.06 mmHg and the mean IOP of the fellow 

control eyes was 13.49±3.39 mmHg. The mean IOP of the 

study eyes in group II was 14.13±2.83 mmHg and of the 

control eyes was 13.47±2.74 mmHg. Group III had a mean 

IOP of 17.0±1.0 mmHg in the study eyes and a mean IOP 

of 13.67±2.08 mmHg in the control eyes (Table 1). No study 

eyes had an IOP increase above 21 mmHg after multiple 

intravitreal ranibizumab injections (Figure 2).

For each of groups I, II and III, the differences in mean 

IOP between the study and control eyes (in mmHg) were 

nonsignificant as analyzed by the Wilcoxon test (P0.05) 

(Table 1). In total, no significant differences in the changes of 

IOP between the study eyes and the fellow control eyes were 

detected. The mean IOP difference between the study eyes 

themselves (in mmHg) of each group also did not show any 

significant association in the Kruskal–Wallis test (P=0.554).

In addition, we used the Kruskal–Wallis test to assess 

the relationship of the IOP difference between the study and 

control eyes (in mmHg) with the number of ranibizumab 

injections in group I, II and III. No significant association 

was found between the groups (P=0.391; Figure 3).

Discussion
In this study, we failed to find any significant association 

between the number of ranibizumab injections and the level 

of IOP. All patients received between 15 and 46 injections of 

intravitreal ranibizumab in one eye and  five injections in 

the fellow control eye. None of the 53 patients developed an 

IOP elevation 21 mmHg in the study eye 4 weeks after the 

last injection of intravitreal ranibizumab. Interestingly, there 

was an increase in the mean IOP from 13.4±3.06 mmHg in 

the study eyes of group I (patients with 15 to 19 injections) 

to 17.0±1.0 mmHg in the study eyes of group III (patients 

with 30 or more injections), albeit not statistically significant. 

However, it must be considered that group III only included 

three patients while group I had 35 patients. Our results 

confirmed various other studies which also detected no cor-

relations between anti-VEGF injections and delayed IOP 

elevation overall.7,13,16,18

Until now, few studies have described a sustained IOP 

elevation after anti-VEGF injections. Bakri et al19 was one of 

the first groups to report on persistent ocular hypertension fol-

lowing intravitreal ranibizumab, in their study of four patients. 

Adelman et al20 reported a sustained ocular hypertension 

in 3.45% of patients after a mean of 13.3 intravitreal bevaci-

zumab and/or ranibizumab injections. In a study of Good et al21  

an IOP increase was found in 3.1% of eyes after a median 

of 9.5 ranibizumab and/or bevacizumab injections. Choi et al22  

observed a sustained IOP elevation to 25 mmHg in 5.5% of 
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Figure 1 Correlation of the iOP difference between study and control eyes 
(in mmhg) with the number of intravitreal ranibizumab injections using the spearman 
rank correlation.
Abbreviation: iOP, intraocular pressure.

Table 1 Mean iOP of the frequently-treated study eyes and the unfrequently-treated fellow control eyes in groups i, ii, and iii

Group Number of ranibizumab 
injections

Number of  
patients (N)

IOP of the study eyes 
(mean ± SD, mmHg)

IOP of the control 
eyes (mean ± SD, 
mmHg)

P-value (using  
Wilcoxon test)

i 15–19 35 13.4±3.06 13.49±3.39 0.892
ii 20–29 15 14.13±2.83 13.47±2.74 0.138
iii 30 3 17.0±1.0 13.67±2.08 0.5

Abbreviations: iOP, intraocular pressure; sD, standard deviation.
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their patients who received an anti-VEGF agent ( bevacizumab, 

ranibizumab, or pegaptanib), and one patient required glau-

coma surgery.  However, they did not find any association 

between sustained IOP elevation and the number of intravitreal 

injections. Of note, none of the patients treated in our study 

required IOP lowering medication. In contrast to our study, 

a  retrospective analysis of 207 patients found an association 

between the number of injections of intravitreal ranibizumab 

and/or bevacizumab and an increased risk of IOP elevation 

to 5 mmHg on two or more consecutive visits in eyes 

treated for AMD.23 The authors reported that 11.6% of treated 

versus 5.3% of untreated  fellow control eyes experienced an 

IOP increase of 5 mmHg. An increased risk of IOP eleva-

tion was found in patients receiving 29  injections compared 

to patients with 12 injections. While our data could not 

confirm that there is an increased IOP for patients with 30 or 

more injections, we consider it interesting that there was an 

increased risk of IOP elevation in the groups with a higher 

number of injections.

There are several hypotheses for the potential mechanisms 

underlying an IOP increase after anti-VEGF injections. It was 

assumed that ranibizumab may block the immediate channels, 

including the trabecular meshwork or Schlemm’s canal out-

flow pathways by an unknown mechanism for several weeks 

or months.17 Another explanation for anti-VEGF-induced 

IOP elevation is an underlying inflammatory mechanism or 

an immunological reaction that damages the aqueous humor 

outflow pathways.24,25 Besides that, a traumatic mechanism 

after frequent injections may lead to a disruption of the ante-

rior hyaloid or zonules and allow access for high molecular 

weight proteins to enter the anterior chamber, resulting in 

increased IOP.26 It was also reported that different ways of 

preparing or storing of bevacizumab syringes may also lead 

to different effects on IOP.27 Finally, IOP elevation can also 

result from leaking of silicone oil particles, which are used 

to lubricate the components of syringes in the storage of 

bevacizumab.28 In our study, only non-compounded ranibi-

zumab was used, which is considered free of silicone particles. 

However, we doubt that this could be the sole explanation for 

a lack of increased IOP as demonstrated in other studies.

In patients with preexisting glaucoma or ocular hyper-

tension, a few reports observed an increased risk of further 

IOP elevation after anti-VEGF injections.14,15,21 Similarly,  

a predisposition to ocular hypertension along with the sudden 

increase in intraocular volume can also explain a prolonged 

increase of IOP.9,29 In our study, we did not include patients 

with a history of glaucoma or ocular hypertension in order to 

minimize bias. Therefore, further extensive studies are required 

to analyze whether or not IOP elevation occurs after multiple 

ranibizumab injections, in particular in glaucoma patients. 

Additionally, our results are limited by the small sample size 

in each study group, and we could not perform a sample size 

calculation. However, due to the bilateral nature of AMD, only 

a few patients with multiple injections in only one eye could be 

recruited. Therefore, further multicenter studies with greater 

sample size would help to verify any association between IOP 

level and the number of anti-VEGF injections.
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In summary, we could not detect any association between 

the number of injections of intravitreal ranibizumab and the 

level of IOP in patients with multiple injections in only one 

eye. Based on our results, we cannot claim a compelling 

necessity for postoperative IOP controls after injections of 

intravitreal ranibizumab. However, with increasing age of the 

patients with AMD, a regular IOP control is recommended as  

a trend toward IOP elevation could not be ruled out.

Disclosure
The authors report no conflicts of interest in this work.
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